ensures full compatibility of their results.
It is planned to present the material flows in the form of a physical input-output table (PIOT) at regular intervals. Due to the physical law of the conservation of matter (1st fundamental law of thermodynamics), completely and consistently combining all material flows in the PIOT will lead to identical material inputs and outputs for every single homogeneous branch and for the consumption activities of private households. The first complete physical inputoutput table worldwide was compiled by the Federal Statistical Office in 1997 under a research project, referring to the former territory of the Federal Republic and reference year 1990 [3] . In this context, first results in a detailed breakdown have been published for the material types water and waste water. -output table, those different materials can be aggregated on the basis of market prices. Although representation in physical units generally allows aggregation too -for example through the weight unit -and provides useful information to some extent, it must be supplemented by presenting individual types or categories of material. Therefore, the MEFIS cube contains not only the two axes used in the monetary input-output table -forming the top side of the cubebut also a third axis showing the types of material, that is, every type of material forms a horizontal layer within the cube. This allows showing in physical units and for the total economy the abstraction of material from nature, the discharge into nature, and the materialrelated interaction within the economic system in a detailed breakdown by types of material.
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What will be described in the following is the concepts as well as the data sources and methods of calculation to obtain the material flows for the two material types of water and waste water [4] . The material flow including water flow is shown in an aggregated form in Figure 2 (Annex). From the aspect of the MEFIS cube, water is a "raw material" used as input for the production activities of the economic branches and the consumption activities of households. Waste water belongs to the material type of "residuals" and is created as output of those activities.
The concept of water flow accounts
Water is one of the most important economic and ecological resources. Water serves not only as drinking water for man; it is also an essential basis of all life and of economic development [5] . On a multi-annual average, the quantity of water available per year in Germany is estimated at about 182 bn m³ [6] . For comparison, 49 bn m³ of water were withdrawn from nature for economic purposes in 1995. This means, at present, water generally is not a scarce resource in Germany, but the figures demonstrate water use for economic purposes is a substantial intervention in natural processes.
Considering especially the goal of "sustainable development", such intervention needs continuous statistical monitoring.
The goal of water flow accounts as part of Environmental-Economic Accounting (EEA) is to show in particular the water flows between the natural and the economic system and within the economic system in close relation to the concepts of national accounts. Consequently, there are conceptual differences between this and other kinds of presentation of water flows, such as water and waste water statistics or systems with a hydrologic orientation.
The main difference between the EEA representation and the water and waste water statistics of the Federal Statistical Office (statistics of public water supply and waste water discharge, and statistics of water supply and waste water discharge in mining and manufacturing as well as at thermal power stations for public supply) results from the accounting approach of EEA:
EEA is based on a complete coverage of all water and waste water flows which are relevant for the economic process. The specialised water and waste water statistics, however, includes Another important difference refers to the breakdown of production activities by branches.
Parallel to the approach applied in setting up the monetary input-output table, the unit of analysis in EEA water flow accounts is the homogeneous branch, which is delimited on the basis of homogeneous product groups. For the specialised water and waste water statistics, however, allocation to economic branches is done according to the enterprise concept, that is, on an institutional basis (smallest unit drawing up a balance sheet).
Major differences between the water accounts presented here and the hydrologic concepts, which aim at complete balancing, too, refer to the system boundaries. In material and energy flow accounts, domestic nature is considered as a complementary quantity for the domestic economy. Material flows are monitored from the point of transition from the natural to the economic system up to the point of discharge into the natural system. With regard to water this means that the water withdrawn from nature in various forms for economic activitiesboth in the context of the production process and in the context of consumption by households -is monitored during the entire period of passing through the economic process (abstraction and distribution, utilisation for production and consumption, exportation, waste water discharge, transition into other materials) up to its discharge into nature, e.g. as waste water or as vapour through vaporisation. The hydrologic concept, however, is aimed at the representation of water flows within nature (hydrologic water cycle), the formation of hydrologic water outlets, and the creation of water resources.
The water flow pattern shown in Figure 3 (Annex) gives a more detailed picture for water than Figure 2 . It serves to explain the basic technical terms of the water flow accounts of the Federal Statistical Office. In a simplified form, the pattern presents for the national economy the abstraction of water from nature, its circulation within the economic system and, finally, its discharge back into nature. The pattern shows in an aggregated form the various connections generally defined in the MEFIS cube. The presentation is limited to the flows which, in methodological terms, are most important for showing the water flow.
The transformation of the used materials into other types of materials is a major characteristic of production and in part also of consumption. The MEFIS cube presentation shows this phenomenon as the transition of a specific material to another layer of material. The basic principle of material conservation across all stages of the economic process can be represented only at the aggregation level of all types of material. In this context, water is a special case. If water is monitored at the level of the aggregated material type of water/waste water, the water flow may be presented continuously all the way from abstraction to discharge into nature. Both at the level of the overall economy and at the level of individual homogeneous branches, the quantity of water withdrawn equals the quantity of water discharged -except for some transition of water from or into other materials and water exports and imports, which however is not very relevant in terms of quantity.
Starting from the natural condition, water typically goes through the following stages of production: abstraction from nature, treatment/distribution, use in production or consumption, waste water discharge, and discharge into nature; individual stages may be left out. In terms of material and energy flow accounts, there is a different type of material at every stage.
Within any stage of production, further subdivision of the material type is possible and appropriate -as is shown in Figure 3 . Following the pattern of production stages, the production activities of water treatment and distribution as well as waste water discharge are presented separately in the chart. The other production activities are shown in Figure 3 under the summary heading "other production". Another activity shown is final consumption of households.
Water withdrawn from nature in the context of economic activities is, first, ground, spring, and surface water as well as bank filtrate and, second, foreign and rain water. Ground, spring, and surface water as well as bank filtrate are withdrawn by the homogeneous branch of water supply, by the other homogeneous branches, and also by private households. Water withdrawn includes irrigation water used in agriculture, but excludes water taken up by plants without artificial irrigation.
Most of the water withdrawn from nature by the homogeneous branch of water supply (collection, purification and distribution of water) is treated to become drinking water and is distributed to the homogeneous branches and private households. A small part is used by the water supply branch for their own consumption before being transported directly to waste water discharge. Water from water supply may also be exported, thus leaving the domestic Water recorded as foreign and rain water is rain water which does not naturally percolate into the soil but is discharged through the sewage system. That heading is allocated to the homogeneous branch of waste water discharge as abstraction from nature and simultaneous discharge into nature. Although foreign and rain water is not used in the economic process, it is withdrawn from nature to the extent that it is taken from its natural place through the technological system (soil sealing, discharge through sewage system).
Generally, private households transfer the water used in consumption to the branch of waste water discharge (indirect discharge); after treatment in a sewage plant, it is discharged into nature. Only a small part of waste water is discharged directly into nature by households.
Evaporation, too, is of some importance here (e.g. in garden irrigation).
Most of the water used in other production (homogeneous branches other than water supply and waste water discharge) is discharged into nature in the form of waste water; this is done either directly from the relevant homogeneous branch or by transferring it to the homogeneous branch of waste water discharge (indirect discharge). Another part is discharged into nature in the form of vapour (evaporation) or through percolation. The heading "waste water directly discharged" includes water which has been withdrawn by the homogeneous branches as mine water and has not been used further but has been discharged directly into nature, and the cooling water coming from processes of electricity production.
Part of the water used in production is incorporated into other types of material. Water incorporation means that water is transformed from the material type "water" into another type of material. Water incorporation is of importance especially in agriculture (incorporation of irrigation water into plants, water incorporation into meat, milk, farm manure) and in the production of beverages and food (incorporation into beverages). Water removal occurs above all in the food industry, and especially in households through the consumption of beverages and food. For simplification, water incorporation and water removal are shown as a balance in the water flow pattern because the individual flows regarding water incorporation and removal account for just a small part of the overall system when compared with other water flows. Under results (table 2), those flows are shown in greater detail.
Bases and methods of calculation
Parallel to the approach applied in national accounting, the results of water flow accounts are not obtained directly through primary statistics but by utilizing all available statistical sources. The results of the basic statistics are adjusted to the definitions and concepts of material and energy flow accounts. Data gaps that may occur are filled through estimates.
For the years 1960 to 1991, only important aggregates at the level of the overall economy referring to the former territory of the Federal Republic of Germany were calculated, and only for those years for which results of water statistics were available. The most important data source for the computations were the water surveys of the Federal Statistical Office, which have been compiled since the late 1950s.
For the territory of Germany from 1991 to 1994, too, only data for the overall economy were calculated; for the years for which no data from water statistics were available (1992 to 1994), an estimation procedure was developed on the basis of data on production trends and data compiled by economic associations as well as other information. The calculation procedure for the years for which data of the water statistics of the Federal Statistical Office were available is basically identical with the approach for 1995, which is described in detail in the following.
For the year 1995, the water flow was calculated in a detailed breakdown by homogeneous branches. The most important basis for calculating the water data according to the system of material and energy flow accounts are the results of the statistics of public water supply and waste water discharge and the statistics of water supply and waste water discharge in mining, manufacturing and thermal power plants for public supply. Those sources cover more than 90% of the entire area to be represented.
To achieve the transition from the economic branches as defined in the specialised water and waste water statistics to the homogeneous branches as used in the input-output table and in Environmental-Economic Accounting (branch of homogeneous production producing goods of a specific product group only), some reallocation has to be performed. Contrary to the production activity of enterprises, the production activity of a homogeneous branch does not include secondary activities, such as power generation by an enterprise whose main activity is something else. Secondary activities are allocated to the homogeneous branches which produce the relevant goods as a main activity. However, ancillary activities such as administrative services, own-account transport or repair services which are typically performed in every similar homogeneous unit and are performed for that very unit only are not separated from the main or secondary activity to which they belong.
As part of water accounts, those secondary activities of the economic branches were identified which have some quantitative importance for the water flow. Such secondary activities include "power generation" and "supply of water". The water flows connected with those secondary activities were allocated to the relevant homogeneous branches of energy supply and water supply. Waste water treatment by enterprises in their own sewage plants is considered as an auxiliary activity and is thus not reallocated. In the following, the sources and calculation methods will be explained in detail which were applied for the individual aggregates shown in Figure 3 . As mentioned before, the abstraction of water from nature consists of two components: first, foreign and rain water and, second, the heading of ground, spring, and surface water as well as bank filtrate. The data on foreign and rain water can be taken directly from the statistics of public waste water discharge. The calculation of the abstraction of ground, spring, and surface water as well as bank filtrate is based on several sources. The statistics of public water supply provides the amount of water withdrawn from nature by public water distribution .
Figures on direct water abstraction by private households are estimated on the basis of information on the number of households not connected to the public water supply network. It is assumed in this context that water consumption per household not connected corresponds to the average consumption of connected households. Direct water abstraction by households amounts to just about 1.5% of the total quantity of water received by households. The amount of water received by connected households can be obtained from the statistics of public water supply.
The water quantity extracted by homogeneous branches consists of several components. The water statistics for mining and manufacturing provides data on the water quantity which enterprises of mining, energy supply, and manufacturing with 20 or more employees either withdrew directly from nature or received from other branches. Water abstraction by enterprises with less than 20 employees of those economic branches and of the branches not covered (agriculture, forestry, fisheries, construction industry, services) is estimated step by step. Basically, the amount of water received by these remaining branches is calculated as the difference between the total quantity of water supplied by public water supply and the amount of water received by the branches covered by water statistics. For those remaining branches, it is assumed that they did not withdraw water directly from nature, except for agriculture (water abstraction for irrigation purposes) and some specific economic branches of mining and manufacturing (small enterprises).
As regards the distribution of the received water to the individual branches, the following approaches are applied, which are coordinated with the above calculation. The entire amount of water used by the small enterprises of mining and manufacturing is obtained by means of turnover data for small enterprises; here, the assumption is made that water consumption per DM of turnover of small enterprises corresponds to the relevant water consumption of enterprises with 20 or more employees of the economic branch concerned. The share of small enterprises in the water consumption in mining and manufacturing amounts to about 2.5%.
In agriculture, water consumption is calculated separately for irrigation and livestock farming.
The amount of water withdrawn by agriculture for irrigation is determined on the basis of data That statistics also offers information on how much waste water was received by public waste water discharge from households or from commercial dischargers in general.
Ascertaining the amount of water directly discharged was similar to the approach applied for the quantity of water directly withdrawn. The amount of waste water directly discharged by private households was estimated by means of the number of households not connected and the average quantity of waste water of connected households. The water directly discharged by the homogeneous branches is obtained as the difference between the total amount of waste water of those branches and the share of waste water discharged through the public waste water discharge system. Data availability for determining the waste water amount discharged by the other homogeneous branches is similar to that for water received. Direct information for enterprises of mining, energy supply, and manufacturing with 20 or more employees is provided by the water statistics for mining and manufacturing. The entire volume of waste water in public water supply, in a breakdown by households and commercial dischargers, is obtained from the statistics of public water supply. The difference between waste water discharge by the covered branches and the waste water volume received by public waste water discharge from the commercial sector forms the reference frame for determining the waste water volume of the remaining branches. Waste water discharge by small enterprises in energy supply and in mining and manufacturing (less than 20 employees) and by the branches not covered (agriculture, forestry and fisheries, construction industry, services) is ascertained through various methods, parallel to the approach followed for water received. For the small enterprises in mining and manufacturing, turnover data are used, while for the other branches data on the use structure of the monetary input-output table are taken as a basis (waste water charges).
As far as evaporation and other losses are concerned, direct information or estimation approaches are available only for some homogeneous branches and some items. An example is the estimation approach for the share of evaporation in the use of irrigation water in agriculture. Therefore, that value is obtained -both for the level of the overall economy and the level of homogeneous branches -as a residual value between water abstraction from nature on the one hand and, on the other hand, the sum total of the remaining components of water discharge into nature, the balance of water exports less water imports, and the balance of water incorporation into other materials less water removal from other materials. Data on water exports and imports are obtained from the statistics of public water supply.
Water incorporation into other materials and water removal from other materials occurs especially in the homogeneous branches of agriculture, the food industry and beverages production, and in private households. Water incorporation in agriculture is calculated separately for the following components: For the incorporation of irrigation water, it is assumed that 1% of the water used is incorporated into the plants and that the remaining share evaporates. The incorporation of water into animal products (meat, milk, eggs) is determined on the basis of the quantities produced and the average water contents of such products.
Incorporation of water into farm manure (liquid manure, slurry) is ascertained through the number of animals and ratios regarding the average manure production of the animals. In the food industry, both water incorporation and removal occur. What was explicitly estimated was only water incorporation during the production of beverages, taking as a basis the quantities of beverages produced. Water removal in households was determined through the water content of the beverages and food consumed. When examined over the entire period from 1960 to 1991, the efficiency of the economic use of water as a natural resource improved to a rather small extent. Water productivitymeasured as the gross domestic product in real terms per unit of water withdrawn from nature -increased 17% between 1960 and 1991, although, in the first phase until 1979, productivity declined 10% ( Figure 5 ). This means that in that period water consumption rose more rapidly than economic output. Until 1987, productivity remained largely unchanged. In the late 1980s, however, the connection between economic growth and water consumption was clearly broken up. Water productivity rose sharply in that period. Gross domestic product rose a good 5% in real terms between 1991 and 1995. In that period, water productivity increased 10.5%. That rise in productivity is due to several factors. First, the use of the raw material of water became more economical as a result of technological measures such as using low-consumption equipment in households, replacing water by other materials in production, and improving the in-plant water cycle. Second, a major influence on the overall consumption was exerted by the clear decrease in the quantity of irrigation water used in agriculture in the new Länder.
Results

Total economy
Among the components of water abstraction, the consumption of ground, spring, and surface water decreased 9% in the period examined, reaching 43,636 mn m³, while the volume of foreign and rain water rose 57% to 5,273 mn m³. The increase in the amount of foreign and rain water was mainly caused by the expansion of the sewerage network and the construction of rain retention ponds.
The amount of water discharged into nature decreased between 1991 and 1995 to nearly the same extent as did the quantity withdrawn, that is by just under 5%, reaching 48,724 mn m³.
The amount of waste water declined a good 7%. The quantity of evaporated water was down 35% to 2,000 mn m³ in 1995. A major factor influencing that development was the decreasing use of water for irrigation, as mentioned before. About 99% of the irrigation water evaporates or percolates, while just about 1% is incorporated into the plants. Water discharge by the homogeneous branches is calculated on the basis of the total volume of water, taking account of water incorporation and removal. Part of the discharged water is discharged into nature via the homogeneous branch of waste water discharge (indirect discharge), while another part is discharged into nature directly by the homogeneous branches or gets back into nature through evaporation and percolation. Indirect discharge amounts to a total of 4,689 mn m³, the largest share of which (2,930 mn m³ or 62%) comes from private households. Other important indirect dischargers are the homogeneous branches of the food industry (240 mn m³), the paper, publishing and printing industry (104 mn m³), and the chemical industry (223 mn m³). As regards direct discharge of water into nature, the homogeneous branches that are most important are again those which had the largest shares in water abstraction, such as energy supply (29,987 mn m³), the chemical industry (2,935 mn m³), and mining (1,461 mn m³). An additional branch here is waste water discharge, which discharges into nature the waste water received from the other branches and from households after having purified it, and the foreign and rain water (9,962 mn m³). Table 3 (Annex) gives a detailed presentation of water discharge of the homogeneous branches and of private households. The discharged water is subdivided into the categories of waste water discharged directly and indirectly, water losses in distribution, evaporation and percolation, and foreign and rain water. The table shows the total volume of waste water (direct and indirect) by branches. As mentioned before, water losses occurring in distribution are allocated to the homogeneous branch of water supply, while the quantity of foreign and rain water is allocated to the homogeneous branch of waste water discharge. Evaporation and percolation of water, amounting to a total of 2,000 mn m³, is mainly concentrated in the homogeneous branches of energy supply (701 mn m³) and agriculture (596 mn m³); the two branches together account for about two thirds of total evaporation and percolation.
Homogeneous branches
Table 4 (Annex) shows the waste water directly discharged by types of treatment and homogeneous branches. Out of the total of 36,051 mn m³ of discharged waste water, 1,273 mn m³ are treated in sewage plants owned by the enterprise concerned. Waste water treatment in such company-owned sewage plants is of importance especially in the chemical industry (513 mn m³), the paper, publishing and printing industry (226 mn m³), and in metal production (232 mn m³). Of the total volume of waste water, 34,778 mn m³ are not treated before discharge into nature; 92 % of that quantity are cooling water, most of which (91%) comes from energy supply. 7 % of the cooling water comes from the chemical industry. The remaining waste water amounts to 2,619 mn m³. About half of that quantity is mine water, which occurs in mining and is discharged without being used.
Outlook
A major data basis for the water flow accounts as part of Environmental-Economic Accounting is the water statistics of the Federal Statistical Office. Results of that statistics are produced every three years. When the results for reference year 1998 will have become available, it will be possible to update the presented series.
It is intended for the future to sophisticate the current estimation method used in water flow accounts to determine data for the overall economy on water consumption for those years for which water statistics are not available. In particular, technical coefficients will be calculated which establish a connection between water consumption and suitable indicators in a detailed breakdown by homogeneous branches.
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